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Abstract 
 In this work, both optical and electrical responses of screen-printed metal oxide gas sensors are measured under different 
Ar/O2 mixtures at room temperature. Printed gas sensors are based on ZnO nanocrystals deposited and further sintered at 400°C 
on interdigitated Pt electrodes. The ZnO a5 nm nanoparticles synthetized by an organometallic route form aggregates after 
deposition and present surface defects observed on photoluminescence (PL) spectrum. Current and PL intensity variations are 
simultaneously compared under Ar/O2 mixtures at room temperature. The sorption kinetics appear to be clearly different, with 
higher sensitivity for electrical conduction but unstable signal and longer time responses. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of Eurosensors 2014.  
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1. Introduction 
Metal Oxide Semiconductor (MOS) are attractive gas sensors because of their simple conductivity change under 
gas. ZnO is one of the most studied metal oxide semiconductor because of its chemical/physical stability, its 
electrical, optical, piezoelectric and bio-compatibility properties. ZnO gas sensitive layers can be in the form of thin 
or thick films or, more recently, nanostructures. Nanomaterials oxide of different morphology, size and surface, 
eventually with dopant elements are indeed interesting to reduce the operating temperature and enhance the 
sensitivity. UV light stimulations are also feasible approaches to enhance the sensitivity and to reduce their 
operating temperature [1].  
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
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Surprisingly, luminescence properties are usually only recorded as a simple spectroscopic characterization 
whereas it can be used as a diagnostic tool to follow and to control light induced modifications of the materials. This 
method allows to investigate the relation between luminescence properties of inorganic materials versus 
modification of their environments (i.e. atmosphere, temperature....). However, only few studies report on the 
photoluminescence (PL) at room temperature as a function of the gas surrounding atmosphere of MOS [2]. In this 
work, conductive and PL properties of printed films based on ZnO nanocrystals are simultaneously measured at 
room temperature under argon/oxygen mixtures. Comparison of the kinetic and adsorption processes is reported. 
2. Nanocrystals layer processing and characterization 
The sensor substrates consist of 6x8x0.25mm3 alumina substrates with interdigitated platinum electrodes and a 
platinum heater on the other side when heating is required. The Pt interdigitated electrodes and the Pt microheater 
are printed and fired at 950°C using a commercial paste from Electroscience Laboratory (Pt5545).  
The sensitive layer is based on ZnO nanocrystals synthetized via an organometallic method. As previously 
reported, this synthesis relies on the smooth decomposition of an organometallic precursor [Zn(C6H11)2] in the 
presence of 2 equivalents of water (figure 1) [3]. This procedure allows the quantitative formation of agglomerated 
ZnO nanocrystals with crystallite size approximately equal to 5 nm. 
 
 
 
 
 
 
 
 
 
 
Fig.1: Synthesis and TEM image of agglomerated ZnO nanocrystals 
 
  
Once synthesized, the screen-printing paste based on ZnO nanocrystals is prepared. The ZnO nanoparticles are 
first blended with an ESL 400 organic binder with the appropriate weight percentage (67%wt of binder) to achieve 
the proper viscosity. After a manual mixing in a mortar, the nanoparticles dispersion is optimized thanks to a three-
roll mill. Once printed, the layers are dried 20 min at 120 °C and fired 30 min at 400 °C for a complete organic 
binder removal with respects to the TGA analysis (figure 2).  
 
 
 
Fig.2. TGA analysis of the ESL 400 organic binder 
 
0
10
20
30
40
50
60
70
80
90
100
0 200 400 600 800 1000
W
ei
gh
t (
%
)
Temperature (°C)
995 V.S. Nguyen et al. /  Procedia Engineering  120 ( 2015 )  993 – 997 
The morphology of the ZnO layer is then characterized using scanning electron microscopy (SEM JEOL 
JSM6100) before and after thermal treatment (figure 3). The SEM images show aggregates of the nanoparticles of 
approximately 100 nm. Non-noticeable grain growth is observed after this thermal treatment.  
 
  
Fig. 3. SEM of ZnO printed nanocrystals  (a) After drying 20 min at 120°C ; (b) After firing 20 min at 400 °C 
 
Finally, photoemission spectra of the raw powder and printed fired layer are recorded with a SPEX 
Fluorolog FL212 spectrofluorometer and a Horiba Fluorolog 3 equipped with a 450 W Xe lamp. Excitation of the 
materials is performed at 325 nm in order to promote an electron from the valence band to the conduction band. As 
the electron hole recombination occurs on a defect level which acts as a trap, the emission spectra reveals a large 
band in the visible range. Such an emission is directly linked to surface and/or bulk defects which are known to 
promote chemical adsorption reactivity (figure 4). An orange (yellow) emission is generally attributed to the 
existence of oxygen vacancies [4]  
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Fig.4: Emission spectra at room temperature of the ZnO powder and the fired printed film (400°C),Oexcitation = 325 nm  
3. Gas tests   
Gas tests under argon/oxygen mixture with ZnO layers are performed in a custom test chamber made with teflon 
material. A gas inlet and gas outlet, as well as a quartz window enabling sample illumination, are mounted onto the 
chamber (volume ≈ 1.7 cm3) (figure 5). The total flow rate is set at 150 mL.min-1. Before starting the measurements, 
the sensors are stabilized for 2 hours at 200 °C under light illumination O = 325 nm) using the Pt microheater. This 
stabilization step, under a continuous dry air flow, is necessary to clean the “ZnO” surface or, more precisely, to 
eliminate any “impurities” caused by storage in a potentially humid and polluted atmosphere. Ionosorption of 
oxygen species, which is influenced by the temperature or the illumination of the sample, can also take place during 
this stabilization step.  
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Optical and conductive behaviors of the ZnO printed layer are then studied under Ar/O2 mixtures, by keeping the 
UV excitation wavelength constant O = 325 nm). The current intensity, Ielec, is evaluated with 1 V bias voltage 
whereas the emitted intensity, Iemit of the visible photoluminescence is measured at O = 565 nm. Detection curves are 
given in figure 6. Photoluminescence quenching is clearly observed under the inert argon gas atmosphere, with a 
relative sensitivity, S=(Iemit.Ar – Iemit.O2)/ Iemit.O2, of 29 %, and a response time around 1000 s. Simultaneously, a 
current increase is observed, without signal stabilization. The relative sensitivity, S=(Ielec Ar – Ielec.O2)/I elec.O2, 
calculated even without reaching 90% of the signal, is 650 %. The PL time response needed to reach 90 % of the 
steady step response under 100% Ar is equal to about 1000 s while the conductivity one is not yet reached. Similar 
kinetics were observed by C. Barotto et al. for NO2 detection with SnO2 [5]. 
 
 
Fig. 5: The teflon gas chamber  
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Fig. 6. Simultaneous photoluminescence and current measurements on fired ZnO layers, at room temperature and under argon (100 %) or oxygen 
(100 %) (a) PL measurement at O =565 nm, for Oexcitation = 325 nm; (b) Current for a 1 V bias voltage 
4. Conclusion 
A sensitive semiconductor oxide layer based on a100 nm ZnO nanoparticles synthesized via an 
organometallic route has been successfully screen-printed and fired at 400°C on top of Pt IDTs previously deposited 
on alumina substrates. SEM microscopy shows that the heat treatment performed on the layer doesn’t modify the 
microstructure of the deposited material. A large emission band in the visible range due to surface and/or bulk defect 
is detected, defects which are known to promote chemical adsorption reactivity. Current and PL intensity variations 
simultaneously compared under Ar/O2 mixtures at room temperature show different sensitivities and kinetics. 
Electrical response is higher than the optical one but unstable signal and longer time response are observed. At this 
step, we have successfully demonstrated that both photoluminescence and electrical response can testify of the 
surface photocatalytic activity of ZnO layers. Further tests are in progress with commercial ZnO nanoceramics [6], 
and under other reducing gases, to provide a better comprehension of the mechanisms.  
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